ABSTRACT: Basalt fiber reinforced asphalt concrete has better durability, crack resistance and temperature stability than traditional untreated asphalt concrete, being gradually used in pavement engineering in China over recent years. In 2014, basalt fiber reinforced asphalt concrete with high-viscosity asphalt modifier was utilized as the top layer of the deck pavement on Shangci Bridge, which was a 240m prestressed concrete continuous T-beam bridge, located in Quzhou, Zhejiang Province, China. In this paper, a three-dimensional model was established to analyze the distribution law of internal stress and strain of the deck pavement when it was under traffic load. The results indicate that thickness, elastic modulus and interface bonding conditions of the deck overlays have different effects on its internal stress and strain distribution. In another two-dimensional model, the high-temperature viscoelasticity response induced by cycle load was obtained on the basis of laboratory creep tests. Under the effect of the cycle load, the largest horizontal creep strain at 60 is calculated to be 379 , accounting for 85% of the total strain.
INTRODUCTION
Asphalt concrete bridge deck overlays aims at protecting bridge deck from deteriorating caused by environment and vehicle factors. By now, several different types of asphalt concretes have been used as bridge deck pavement, such as guss asphalt concrete, stone matrix asphalt concrete (SMA), modified SMA, epoxy asphalt concrete and others. From 1980s, in order to promote the properties of asphalt concrete, researchers have attempted to add a variety of fibers into asphalt concrete (Anderson 1987, Barbuta and Hrja 2008) .
Basalt fiber reinforced asphalt concrete is the newly coming member of fiber reinforced asphalt concrete family. Researches show that basalt fiber reinforced asphalt concrete has better mechanical properties, water stability, high temperature stability, and crack resistibility than untreated asphalt concrete (Chen, etc. 2009) , and can also postpone the aging process of asphalt mixture (Yu 2012) . Also, it is found that the crack resistance of basalt fiber reinforced SMA improves when the amount of basalt fiber increases (Zhao 2010).
The methodology used for analyzing asphalt concrete bridge deck pavement includes analytical method and numerical method. Based on the thin plate theory, Luo etc. (2002) put forward a design method which took the crack and fracture of the bridge deck pavement as the controlling index. Castro (2004) analyzed the design criterion of asphalt concrete bridge deck pavement by using elastic multi-layer theory. In terms of numerical method, Zhang (2001) analyzed shearing stress between AC and bridge deck with finite element method and proposed corresponding design criteria. Gao (2006) analyzed the effects of load speed on the distribution law of stress and strain in asphalt concrete deck pavement. Yu Ying (2008) built models to simulate different interlayer bonding conditions of deck overlays. Liu (2013) investigated the stress state of asphalt concrete deck pavement on different types of bridges.
OBJECTIVES AND SCOPE
This paper focuses on numerical analysis of deck overlays on a prestressed continuous T-beam concrete bridge with the help of ABAQUS software. A three dimensional model (Load-Stress model) was established to analyze the distribution law of stress and strain in the deck overlays. The effects of thickness, elastic modulus and interface bonding condition of the deck overlays were studied A two dimensional model (viscoelasticity response model) was used to analyze viscoelasticity response of deck overlays. The creep strain at 60 was calculated.
PROJECT DETAILS
The Shangci Bridge is a 240m prestressed concrete continuous T-beam bridge, located in Quzhou, Zhejiang Province, China. It has two simply supported-continuous girders and each girder includes four 30-meter-long beams. The bridge deck pavement structure is shown in FIG. 1 . The PCC bridge deck is 100mm thick and 12m wide. The SMA layer is made of basalt fiber reinforced asphalt concrete which is treated with high-viscosity asphalt modifier. 
LOAD-STRESS MODEL
The Load-Stress model comprises of two models: 1）a whole model, 2) a submodel. The whole model is the same dimension of one simply supported-continuous girder that is 120m long and 12m wide. The sub-model is a 21.58-meter-long part separated from the whole model and its start point is 7.24m away from the left end of the whole model. Both of the two models are meshed by reduced integrated quadratic hexahedron elements (C3D20R). Standard vehicle load was applied on the two models and the horizontal coefficient was 0.5.
In the analysis, it was assumed that: 1) the bridge was an orthogonal beam bridge, 2) all materials were linear elastic, homogenous and continuous, 3) temperature stress was not taken into account, 4) except for the analysis process of bonding conditions, interfaces between each two layers were fully bonded. Through the analysis of the whole model, the most unfavorable load condition was found. And the boundary condition of the sub-model was also available. Then the load configuration and boundary conditions were used to perform the sub-model analysis. The sub-model and load configuration are shown in FIG. 2.
RESULTS AND DISCUSSION
In the Load-Stress analysis, maximum shear stress ( for SMA, for AC), major principal stress ( for SMA, for AC) and maximum longitudinal tensile strain ( for SMA, for AC) of the loading position in SMA and AC layers were calculated.
Thickness effects
The effects of AC thickness on the distribution of stress and strain of the two deck paving layers were investigated. And the results are shown in Table 1 . It is found that as the thickness of AC layer increases from 4cm to 10cm, , , , respectively decreases by 15.5%, 58.6%, 57.8%, 50.0%, while and are almost not affected. 
Elastic Modulus effects
The SMA elastic modulus was firstly set at 1400MPa, while the elastic modulus of AC varied from 800MPa to 1600MPa with a 200MPa gradient. Calculation results are shown in Table 2 .Then the AC elastic modulus was set at 1200MPa, while the elastic modulus of SMA varied from 1000MPa to 1800MPa with a 200 increment. The results are shown in Table 3 . From the data of Table 2 and Table 3 , it may conclude that the major principal stress in each layer of the deck pavement is merely influenced by the elastic modulus of its own, while the elastic modulus of the lower layer has effects on the maximum longitudinal tensile strain of the upper layer of the deck pavement. 
Bonding condition effects
Cohesive contact constitutive model integrated in ABAQUS was used in the analysis. Tangential contact stiffness components and were set the same at: a)1.0E4MPa/m, b)1.0E3MPa/m, c)100MPa/m, d)100MPa/m, e)1MPa/m, while normal contact stiffness component was set at 1.0E9MPa/m and nominal stress components were all set at 2.0MPa. Different interface bonding conditions between asphalt concrete deck overlays and the bridge deck were calculated. The results are given in Table 4 . Contact Tie represents the fully bonded interface condition.
The data from contact a to contact e indicate that as the tangential bonding strength decreases, the maximum shear stress in AC layer, which is directly contacted with bridge deck, decreases. However, major principal stress and maximum longitudinal tensile strain in both SMA layer and AC layer increase. Comparing contact a with contact Tie, it may conclude that when the bonding strength between AC layer and bridge deck decreases, the positions of the major principal stress and the maximum longitudinal tensile strain in deck pavement change from SMA layer to AC layer. 
VISCOELASTICITY RESPONSE MODEL
The viscoelasticity response model is the same dimension as the transverse section of the T-beam. It is a two dimensional model and meshed by 4-node reduced integrated plane strain elements (CEP4R). Interfaces of the model are fully bonded.
Six-element generalized Maxwell model was used to simulate the viscoelastic properties of the SMA and the parameters of the generalized Maxwell model at 60 were obtained by laboratory creep test (shown in Table 5 ). The elastic modulus of each material at 60 was set at 900MPa for SMA, 800MPa for AC, 34500MPa for bridge deck and T-beam. Poisson's ratio for SMA and AC was all set at 0.35, while 0.2 for bridge deck and T-beam. Cycle load (shown in FIG.3) was applied on the model. The total analysis time was 3800 seconds and the cycle load last for the former 3600 seconds. The model and load position are shown in FIG.4 . 
RESULTS AND DISCUSSION
The viscoelastic response of the deck paving layers at 60 was calculated. The results (shown in FIGS. 4~6) of maximum deflection ( ), horizontal creep strain ( ) and the percentage of horizontal creep strain (P ) at load peak points show that in an environment of 60 , the creep deformation of the deck pavement under the effect of a cycle load goes quickly into a stable stage. And the largest horizontal creep strain is calculated to be 379 , accounting for 85% of the total strain. 
CONCLUSIONS
Basalt fiber reinforced asphalt concrete treated with high-viscosity asphalt modifier was for the first time used in deck pavement on a concrete bridge in Zhejiang. Two finite models were built to study the stress and strain distribution law and viscoelasticity response of this deck pavement. Based on numerical studies presented above, the following conclusions may be made:
As the thickness of AC layer increases, maximum shear stress, major principal stress and maximum longitudinal tensile strain in AC layer, as well as maximum longitudinal tensile strain in SMA layer decrease, while maximum shear stress and major principal stress are almost not affected. The major principal stress in each layer of the deck pavement is merely influenced by the elastic modulus of its own, while the elastic modulus of the lower layer has effects on the maximum longitudinal tensile strain of the upper layer of the deck pavement. When the tangential bonding strength between AC and PCC deck decreases, the maximum shear stress in AC layer decrease, while major principal stress and maximum longitudinal tensile strain in both SMA layer and AC layer increase. In an environment of 60 , the creep deformation of the deck pavement under the effect of a cycle load goes quickly into a stable stage. And the largest horizontal creep strain is calculated to be 379 , accounting for 85% of the total strain.
